One of the most dangerous pests of cabbage crops which can damage plants in the budding and flowering phases in all areas of their cultivation is a rape blossom beetle (Meligethes aeneus Fabricius, 1775). The pest is widespread throughout Ukraine; it causes significant damage to the crops every year and reduces the seed yields. It should be noted that the rape blossom beetle is not new to our country and as a pest of rape and other crops from the cabbage family has been mentioned since 1845, and a detailed description of its morphology, biology and ecology can be found in the works of the nineteenth century. It is established that in the Eastern Forest-Steppe of Ukraine the first individuals of the rape blossom beetle appear on the flowering wild growing plants (first of all on dandelion and buttercup) when the average daily temperature exceeds 8 °C, it is the middle of the first decade of April and the beginning of the third decade of April. The mass emergence of the rape blossom beetles takes place when the daily average temperatures are at the range of 9-13 °C and the sum of the effective temperatures above 5 °C is at the range of 100-113 °C, it is the middle of the second decade of April and the end of the third decade of April. The females of the rape blossom beetle usually lay 2-3 eggs into one bud of spring rape or mustard. When protecting the crops from the rape blossom beetle the highest technical efficiency was noted when applying the binary mixture of the microbiological preparation Actophyte, 0.25 % of emulsion concentrate in the dose of 4.8 L/ha and systemic insecticide Biscaya, 24 % of oily dispersion (0.25 L/ha) and in 14 days after spraying it was 76.6 % on white mustard, 74.3 % on Chinese mustard and 76.2 % on spring rape. The highest growth increase in the yield capacity was observed in the same variant; for white mustard it was 0.431 t/ha, for Chinese mustard it was 0.265 t/ha and for spring rape the growth increase amounted to 0.277 t/ha. As a result of the researches it is established that the weight of 1000 healthy seeds is 2,6996 g, and the weight of the seeds damaged by the larvae of the rape blossom beetle is 0.4213 g, so it is reduced by 84.4 %. The filling of the damaged seeds is 6.8 times more, which indicates that they are smaller in diameter and frail. The undamaged seeds of spring rape contain 35.92 % of fat, and the damaged seeds contain only 17.48 %, which is 2.05 times less. The protein content in the undamaged seeds was 30.97 % and in the damaged ones it was 32.23 %, that is 1.04 times more. The germination rate of the undamaged seeds of spring rape under the laboratory conditions on the eighth day was 90.0 %, and the germination rate of the damaged ones amounted to 58.0 % and was lower by 32.0 %.
Introduction
Rape blossom beetles (Meligethes aeneus) belong to the species Coleoptera or Beetles, a Sap-feeding (Nitidulidae) family, a genus of Meligethes (Yevtushenko et al., 2014; . They can be found everywhere. The beetles are 1.5-2.7 mm in length and have a flat elongated body, black top with metallic green or blue tint, their antennae are mace like and the legs are black and brown (Fig. 1) . The egg is 0.3 mm in size, it is white, smooth and elongated-oval. The larva is up to 4 mm; it is worm-like, light gray in colour and covered with small black warts, its head is brown (Fig. 2) . The pupa is about 3 mm in length, it has a flattenedovate form, and it is of a light yellow colour (Yevtushenko et al., 2014) .
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The imagines hibernate on the surface of the soil under the fallen leaves or plant remains on the edges of forests, in gardens and parks. In April and early May the beetles settle on the flowers of wild growing plants (buttercup, dandelion, etc.) , then they move to the seeds of cabbage crops (Evtushenko & Stankevych, 2011; Stankevych, 2012) . In addition they feed on the inner parts of buds and flowers, gnawing out the anthers, stamens, pistils and petals. The female lays one or two eggs into the unblown buds and flowers. The fertility is 50-60 eggs. The larvae regenerate after 5-9 days and feed on the inner parts of the buds and flowers, mostly on anthers and sometimes on young pods (Stankevych, 2014) . The larval development lasts 15-25 days. After the development the larvae get 2-5 cm deeper into the topsoil and pupate. The pupae develop during 10-12 days. The imagines, which appear in June and July, for some time feed on the flowers of different plants and then fly to the wintering places. In the Eastern Forest-Steppe of Ukraine one generation is developing for a year (Evtushenko & Stankevych, 2012; Yevtushenko et al., 2014; Stankevych, 2015) . According to the literary data the rape blossom beetle yields one generation a year in the northern regions of Russia, and it yields two or three generations in the central and southern regions (Osmolovskyi, 1972) . According to other data the rape blossom beetle yields one-three generations a year in the Volga region (Ivantsova, 2010) . In Sweden (Wivstad, 2010) and Norway (Andersen, 2008 ) the pest yields one generation a year. According to the vast majority of the authors the rape blossom beetle yields two generations in Ukraine (Hurova, 1963; Horodnii, 1970) , and according to other data it yields only one generation (Kovalchuk, 1987) or as many as three-four generations (Orobchenko, 1959) . According to Academician Fedorenko V.P. (Fedorenko et al., 2008) in Ukraine the rape blossom beetle yields 1 or 2 generations a year, and according to Z.I. Hurova (1963) in the Eastern Forest-Steppe of Ukraine the complete cycle of the first generation of the rape blossom beetle development lasts 36-42 days, and the development of the second generation lasts 26-29 days. In the cold and rainy spring the rape blossom beetle becomes less active and its harmfulness is significantly reduced (Yevtushenko et al., 2014) . The economic threshold of harmfulness of the rape blossom beetle is five-six specimens per plant (Stankevych & Zabrodina, 2016) . The data given by I.V. Kozhanchikov (Kozhanchikov, 1929) and N.L. Sakharov (Sakharov, 1934) are interesting. They emphasise that the presence of the rape blossom beetle does in no way prevent the formation of the high yields of the cabbage crops seeds. It should be noted that the rape blossom beetle is not new to our country and as a pest of rape and other crops from the cabbage family has been mentioned since 1845 (Harmful Insects, 1945) . The protective measures include the soil cultivation during the period of the pest mass pupation and spraying the crops at the stage of budding with the insecticides or biological preparations authorised to use if the number of the beetles exceeds the economic threshold of harmfulness (Stankevych, 2012; 2018) . The rape blossom beetle is widespread throughout the territory of Ukraine. It causes the significant damage to the crops every year and reduces the seed yields. The species habitat covers the whole Europe, the Caucasus, Asia Minor and North Africa; as for the countries of Central Asia, the beetle is widespread only in Turkmenistan. The rape blossom beetle is the most dangerous pest of cabbage crops in Germany, Poland and France (Shpaar, 2007) .
Material and methods
To establish the seasonal dynamics of the rape blossom beetle number the calculations were carried out every five days beginning from the budding phase. The beetles were shaken down from the plants into the plastic bags (10 plants in 10 equidistant places of the field). Then the density was converted to an average per 1 plant. On the experimental plots of the Educational, Research and Production Centre "Research Field" of Kharkiv National Agrarian University named after V.V. Dokuchaiev 500 buds were chosen in order to determine the number of the rape blossom beetle eggs in the buds of spring rape and mustard and to clarify the number of the eggs laid into one bud. On each plot from five diagonally located places we chose 20 buds from each of five plants (100 buds from each plot). The buds were placed into the plastic bags and then the buds were opened with a knife and the total number of the eggs of the rape blossom beetle and the number of the eggs in each bud were calculated. The content of fats and protein in the seeds of spring rape was determined at the laboratory of the Seed Quality of the Plant Growing Institute named after V.Ya. Yuriev of the National Academy of Agrarian Sciences of Ukraine and the seed germination was determined at the laboratory of the Zoology and Entomology Department in Kharkiv National Agrarian University named after V.V. Dokuchaiev. Influence of the seed treatment agents on the seed germination was evaluated at the laboratory of the Phytopathology Department of Kharkiv National Agrarian University named after V.V. Dokuchaiev and at the laboratory of the Institute of Agrochemistry and Soil Science named after O.N. Sokolovskyi. Germination intensity of the purified seeds harvested in 2012 which had been damaged by the larvae of the rape blossom beetle was determined at the laboratory of the Zoology and Entomology Department in Kharkiv National Agrarian University named after V.V. Dokuchaiev. Biochemical analysis of the spring rape purified seeds harvested in 2012 as for the fat and protein content was carried out according to the methods of Kjeldahl and Rushkovskyi (Kostromitin, 1975) at the laboratory of the Seed Quality of the Plant Growing Institute named after V.Ya. Yuriev. In order to protect the crops of spring rape and mustard from the rape blossom beetle the experiment as for the influence of the insecticides and their tank mixtures on the quantity and quality of oily cabbage crops yield capacity was laid on the experimental plots of the Educational, Research and Production Centre "Research Field" of Kharkiv National Agrarian University named after V.V. Dokuchaiev. The plants were sprayed in the phenophase of a yellow bud (before the emergence of the first flowers). The experiments were carried out in 2010-2012 according to the generally accepted method.
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The variants of the experiment are the following: 1. Control (H2O); 2. Actophyte, 0.25 % of emulsion concentrate (2.4 L ha -1 ); 3. Actophyte, 0.25 % of emulsion concentrate (4.8 L ha -1 ); 4. Biscaya, 24 % of oily dispersion (0.25 L ha -1 ); 5. Actophyte, 0.25 % of emulsion concentrate (2.4 L ha -1 ) + Biscaya, 24 % of oily dispersion (0.25 L ha -1 ); 6. Actophyte, 0.25 % of emulsion concentrate (4.8 L ha -1 ) + Biscaya, 24 % of oily dispersion (0.25 L ha -1 ). The acreage of the experimental plots under rape and mustard where the insecticides controlling the rape blossom beetle were tested accounted to 5 m² in triplicate. After 3, 7, and 14 days 25 plants were examined on each plot and the population density of the beetles per 1 plant was determined. Spraying of the crops was carried out with a knapsack sprayer of the "Lemira-SP-202-01" brand at a rate of consumption of about 250 L ha -1 . When spraying the crops the technical efficiency of the preparations against the main rape pests was determined by the formula:
where Т-technical efficiency, %; а -density of the pests population before spraying, b -density of the pests population in 3, 7 or 14 days after spraying (Recommendations, 1975; Methods of calculation, 1976; Triebel and others, 2001; . The economic efficiency or increase in the yield was determined according to the following formula:
where I -increase in the yield, %; a -average yield from a calculated unit on a cultivated plot, t; b -average yield from a calculated unit on a plot under control, t (Recommendations, 1975; Methods, 1976; Triebel et al., Stankevich & Zabrodina, 2016) .
Results
In the Eastern Forest-Steppe of Ukraine the rape blossom beetle in the imago stage hibernates on the surface of the soil under the fallen leaves or plant remains on the edges of forests, in gardens and parks. In the course of the inspection and calculations conducted in 2007-2012 in the experimental fields of the Educational, Research and Production Centre "Research Field" of Kharkiv National Agrarian University named after V.V. Dokuchaiev and the state enterprise "Research Farm "Elitne" of the Institute of Plant Growing named after V.Ya. Yuryiev of the National Academy of Agrarian Sciences of Ukraine we have found out that the first individuals of the rape blossom beetle appear on the flowering plants (first of all dandelion and buttercup) when the average daily temperature passes through the mark 8°C. The earliest emergence of the beetles on these plants was observed in 2008, 2010 and 2012. The beetles emerged already in the middle of the first decade of April. In 2007 and 2011 the latest period of the beetles' emergence was observed, it was the beginning of the third decade of April (Table 1) . The mass emergence of the rape blossom beetle took place when the average daily temperatures fluctuated within 9-13 °C and the sum of the effective temperatures above 5 °C was 100-113 °C. From the data given in Table 1 it is seen that in 2008 the mass emergence of the rape blossom beetles from the hibernation places was in the middle of the second decade of April and it was the earliest during the research period; and in 2009 the beetles emerged at the end of the third decade of April and it was the latest period oh their emergence. After the hibernation the rape blossom beetles feed on the pollen of the flowering vegetation, first on dandelion and buttercup, then on the fruit trees (apricot, plum, cherry and apple) and on the weeds from the cabbage family (colza, hedge mustard and field mustard). According to our observations the active populating of spring oily cabbage crops by the rape blossom beetle took place at the very beginning of the budding phenophase (about the second decade of June), although the solitary individuals have been found since the beginning of the rosette formation (in the second decade of May). With the beginning of the budding phase the population density of the rape blossom beetle in the fields under the oily cabbage crops dynamically increases and reaches its peak before flowering. We noted the beginning of the beetles mating in the third decade of May and at the beginning of the first decade of June; and the laying of eggs was noted beginning from the second decade of June. At the end of the second and at the beginning of the third decade of June the reappearance of the rape blossom beetle larvae was observed; they fed for about 25-30 days and pupated at the end of the third decade of June and at the beginning of the first decade of July. At the end of the first decade of July the emergence of a new generation of the beetles was noted. In the third decade of June, when the plants are in the phase of the pods formation, the beetles begin to leave the field. The seasonal dynamics of the rape blossom beetle number on spring rape and mustard are shown in the form of diagrams in Figs 3-5. Analysing the data from Figs 3-5 it can be seen that at Educational, Research and Production Centre "Research Field" of Kharkiv National Agrarian University named after V.V. Dokuchaiev the first individuals of the rape blossom beetle begin to populate the crops of spring oily cabbage crops in the middle of the second decade of May. During the years of the researches the peak of the rape blossom beetle number on the oily cabbage crops was noted from the end of the third decade of May to the end of the second decade of June when the plants are in the phenophases of budding and flowering. Beginning from the third decade of June during the phenophase of the pods growth the beetles begin to leave the field; only some larvae, which have not finished feeding on the buds and flowers and are still feeding on the young pods and seeds, remain on the plants. In order to determine the number of the spring rape buds populated by the eggs of the rape blossom beetle and to clarify the number of the eggs laid into one bud on the experimental plots of the Educational, Research and Production Centre "Research Field" of Kharkiv National Agrarian University named after V.V. Dokuchaiev we chose 500 buds. On each plot from 5 diagonally located places we chose 20 buds from each of 5 plants (100 buds from each place). The buds were placed into the plastic bags and then the buds were opened with a knife and the total number of the eggs of the rape blossom beetle and the number of the eggs in each bud were calculated. The obtained data are shown in Table 2 . From the data given in Table 2 it is seen that the total populating of spring rape buds with the eggs of the rape blossom beetle was 39.4 % in 2010, in 2011 it was 35.8 % and in 2012 it was 36.2 %. The populating of white mustard buds with the eggs of the rape blossom beetle was 37.2% in 2010, in 2011 it was 34.0 %, and in 2012 it was 34.6 %. The populating of Chinese mustard buds with the eggs of the rape blossom beetle amounted to 38.6 % in 2011, and in 2012 it was 37,0 %. We noted from 1 to 5 eggs laid into the populated buds, but most often there were 2-3 eggs ( Table 2) . Six or more eggs in one bud were not found.
Usually the mass populating of the plants with the rape blossom beetles takes place during the period of oily cabbage crops budding. At this time it is important to use the protective measures in the shortest possible time, namely it is necessary to spray the plants before flowering (in the phenophase of a yellow bud) since spraying during the flowering will cause harm to the beneficial entomofauna and insect pollinators. This is extremely important because the insects pollinate 85% of flower plants (95% of which are the bees).
Taking into account the fact that most insecticides have a negative influence on the number of the entomophages and pollinators which in their mass populate the crops of white mustard during the phase of flowering and in order to expand the range of the insecticides that are effective in protecting oily cabbage crops from the rape blossom beetle we have examined the influence of a new microbiological preparation Actophyte, 0.25 % of emulsion concentrate on the rape blossom beetle by spraying the plants before flowering. The biological preparations are not harmful to birds, warm-blooded animals, beneficial entomofauna and humans. The microbiological preparation Actophyte, 0.25 % of emulsion concentrate (active substance aversectin) has been applied by us at different rates of consumption and in a combination with the insecticide of systemic action Biscaya, 24 % of oily dispersion (active substance thiacloprid) on the crops of spring rape of Ataman variety, white mustard of Carolina variety and Chinese mustard of Tavrychanka variety. Actophyte, 0.25 % of emulsion concentrate is a microbiological preparation which has an insectoacaricide action. The dry and clear weather is a necessary condition for its application. The active substance of the preparation is a complex of natural avermectins which are produced by the non-pathogenic soil radiant fungus (Streptomyces avermitilis).
Biscaya, 24 % of oily dispersion is a systemic insecticide which due to its preparative forms (oily dispersion) is very well kept on the leaves of the cabbage crops abundantly covered with a bloom and does not require the additional use of the adhesions. The preparation is not toxic to the bees and bumble-bees. As a result of spraying the crops in the phase of the yellow bud we have found that spraying of spring rape and mustard is a reliable way to protect them from the rape blossom beetle.
In the course of the researches the following data (Tables 3-5 and Fig. 6 ) regarding the technical efficiency of the preparations action were obtained. As it can be seen from the data given in Tables 3-5 After harvesting, cleaning and analysing the crops of spring rape and mustard we obtained the following data (Tables 6-8 , Fig. 7) as for the economic efficiency of the used preparations and their mixtures.
As it is seen from the data given in Tables 6-8 in all variants of the experiment the increase in the yield capacity was noted, however the binary mixture of the microbiological preparation Actophyte, 0.25 % of emulsion concentrate (4.8 L//ha) and systemic insecticide Biscaya, 24 % of oily dispersion (0.25 L/ha) was the best one. The increase in the yield capacity of white mustard accounted to 0.431 t/ha, the growth increase in Chinese mustard was 0.265 t/ha and spring rape gave the increase of 0.277 t/ha. The increase in the yield capacity when applying the binary mixture of the microbiological preparation Actophyte, 0.25 % of emulsion concentrate (2.4 L/ha) and systemic insecticide Biscaya, 24 % of oily dispersion (0,25 L/ha) was slightly lower. The increase in the yield capacity of white mustard was 0.389 t/ha, the increase in Chinese mustard was 0.204 t/ha, and spring rape gave the increase of 0.234 t/ha. The application of the systemic insecticide Biscaya, 24 % of oily dispersion at the rate of consumption of 0.25 L/ha provided the saved yield of white mustard at the level of 0.308 t/ha, the yield of Chinese mustard was saved at the level of 0.154 t/ha, and the yield of spring rape was saved at the level of 0.174 t/ha. consumption rate of 4.8 L/ha the saved yield of white mustard was 0.162 t/ha, the saved yield of Chinese mustard at the level of 0.111 t/ha and the saved yield of spring rape was at the level of 0.103 t/ha. At the end of the third decade of June spring rape is in the phenophase of the pods formation and the rape blossom beetles are beginning to leave the fields but the larvae of the rape blossom beetle are still finishing feeding on the rape crops. Since there are no more flowers on the rape crops the larvae feed on the young pods and the seeds that are forming in the pods. As a result the undeveloped pods of the ugly shape are forming and the seeds are damaged by the gnawing mouths of the larvae (Fig. 8) .
In 2012 after harvesting the crops of spring rape we cleaned and thoroughly analysed them and selected the seeds of spring rapes gnawed by the larvae of the rape blossom beetle as well as the healthy seeds without any signs of damage. Under the laboratory conditions a weight of 1000 both undamaged and damaged seeds and the filling, that is a number of seeds per unit of volume, were determined (Table 9) . From the data given in Table 9 it is seen that the weight of 1000 healthy seeds is 2.69 g, and the weight of the damaged ones is 0.42 g. So the weight of 1000 seeds damaged by the gnawing mouth of the larvae is less by 84.4 % in comparison with the undamaged seeds; and the filling of the damaged seeds is 6.8 times more, which indicates their smaller size and frailness. А) B) Fig. 8 . Spring rape seeds, undamaged (А) and damaged by the larvae of rape blossom beetle (B) (photo by the author) А1) А2) B1) B2) Fig. 9 Spring rape seedlings obtained at the laboratory on the 8th day from undammed seeds (A1 and A2) and from seeds damaged by the larvae of rape blossom beetle (B1 and B2) (photo by the author)
At the laboratory of the Seed Quality of the Plant Growing Institute named after V.Ya. Yuriev of the National Academy of Agrarian Sciences of Ukraine the biochemical analysis of the undamaged seeds of spring rape and the seeds damaged by the larvae of the rape blossom beetle was carried out. The mass fraction of fat was determined according to the method of Rushkovskyi and the protein content in the seeds was determined by the Kjeldahl method. From the data given in Table 9 it is seen that the undamaged seeds of spring rape contain 35.92 % of fat, and the damaged seeds contain only 17.48 % of fat, that is 2.05 times less. The protein content in the undammed seeds was 30.97 % and in the damaged ones it was 32.23 %, that is 1.04 times more. The data of biochemical analysis indicate that the larvae of the rape blossom beetle first of all gnaw out those parts of the seeds that contain the fat substances. As a result of the germination of spring rape seeds under the laboratory conditions the influence of the seeds damaged by the larvae of the rape blossom beetle on the laboratory germination was established (Table 10) . From the data given in Table 10 it is seen that on the first day after sowing no germination was observed in any variant. On the second day the germination rate of the undamaged seeds was 6.3 % and that of the damaged seeds was 0; on the third day the germination rate of the undamaged spring rape seeds was 74.2 % vs. 15.8 % in the variant with the damaged seeds. The seed germination on the fourth day after sowing was 8.0 % for the undamaged seeds and 33.3 % for the damaged ones. On the fifth day after sowing the germination rate of the undamaged seeds was 87.3 % and that of the damaged ones was 47.0%. On the sixth day after sowing the germination rate of the undamaged seeds was 89.3 % vs. 54.3 % of the damaged ones. On the seventh day after sowing the laboratory germination of the undamaged spring rape seeds was 90.0 % vs. 56.7 % of the damaged ones. The final germination of spring rape seeds under the laboratory conditions was recorded on the eighth day because no new germinated seeds were observed. For the undamaged spring rape seeds it was 90.0 % and for the damaged seeds it was 58.0 %, that is by 32.0 % lower ( Fig. 9 ). 9 shows that when germinating the spring rape seeds under the laboratory conditions the seedlings obtained from the undamaged seeds are much more developed, have a healthy dark green colour; and the seedlings obtained from the damaged seeds are weak, have a thin stem and the cotyledons of light greenish colour.
Conclusions
In the Eastern Forest-Steppe of Ukraine the first individuals of the rape blossom beetle appear on the flowering wild growing plants (first of all on dandelion and buttercup) when the average daily temperature exceeds 8 °C, it is the middle of the first decade of April and the beginning of the third decade of April. The mass emergence of the rape blossom beetles takes place when the daily average temperatures are at the range of 9-13 °C and the sum of the effective temperatures above 5 °C is at
